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Non-technical summary
The paper provides an overview of some of the recent research on New Technology Based Firms in Germany and covers issues from firm formation dynamics, the regional distribution and location characteristics of NTBFs, the participation of these firms in technology transfers, and their participation in public support programmes. It has been shown that after the decline in the number of technology-based start-ups that was apparent between 1990 and 1992, there has been a small increase in the annual number of new firm formations in the high-tech industries and in technology-intensive services, but it is also apparent that, compared with the number of formations in the late 1980s, the number of firm formations in the very-high-tech manufacturing sectors has remained at a lower level since 1992. With regard to the results of analyses on the regional clustering of NTBFs and their locational considerations, one of the major findings was that the regional R&D endowment of universities, technical colleges and nonuniversity R&D-labs has a large impact on the number of new firms in the region, but that this impact also varies with the institute's field of specialisation. In contrast, the R&D activities of private firms do not appear to have an influence on the number of NTBFs in a region. The importance of the regional endowment of R&D facilities is also important with regard to technology transfer. The perceived importance of NTBFs for technology transfer and for the creation of employment is indicated by the number and the volume of public promotion schemes which are offered by federal ministries as well as by the ministries and institutions of the Bundeslaender. However, due to the huge volume and sometimes confusing complexity of the supporting schemes, a lot of small and medium-sized firms have neither the time nor money to gather and process all the available information about these programmes. Consequently, they may not apply for the support that is available at the level of the Laender, the federal level, or at the EC level. As a response to this, a reduction and simplification of the support schemes is planned in Germany. Apart from benefiting the firms, this may also benefit providers of support, including banks, by the imposition of clear standards of support.
Introduction
During the past decade, small and medium-sized companies in general and new technology-based firms (NTBFs) in particular have attracted growing interest from academics and politicians. One indicator of this interest is public expenditure on new technology-based firms. In Germany, federal funding for the indirect promotion of NTBFs has risen from 45.9 million DM in 1991 to almost 82 million DM in 1993 (BMBF, 1996 . Public awareness of NTBFs arose in the early eighties, when several traditional industries were in decline and some fast growing new industries began to emerge. NTBFs have therefore been regarded as an answer to ongoing structural changes; they are seen as an important source of new employment and important promoters of technological change and innovation in the German economy. The creation of such firms has been stimulated by public policies, such as the pilot scheme for the 'Promotion of New Technology-based Firms' which was initiated by the Federal Ministry of Research (BMBF, 1996; Kulicke et al., 1993) .
Whilst it is acknowledged that large numbers of jobs are created in small and medium-sized firms (SMEs), it should also be recognised that many jobs are lost by the closure of smaller firms (Davis et al., 1996; Gerlach and Wagner, 1997) . The current debate focuses on the contribution NTBFs have made to employment, to technological innovation and to the diffusion of new technological knowledge. Some argue that new companies of this kind are rare, so their contribution to overall employment and national technological performance is marginal (Berndts and Harmsen, 1985; Sternberg, 1988) , but others suggest that new technology-based firms are much more important, being the primary source of new employment and the engine of technological change and economic growth (Kulicke et al., 1993) . Famous American firms like Microsoft, and German firms like SAP, are often taken as being illustrative of the potential of NTBFs. However, the debate about the potential of NTBFs and other small firms for employment creation goes a long way back, to the work of David Birch in the late 1970s (Birch, 1979) , and since this time it has become clear that the expectations of employment creation by NTBFs and other small firms, as the solution for high rates of unemployment, has been exaggerated. Presently, the debate is more concentrated on the role of NTBFs and small firms in innovation than on employment.
The purpose of this paper is to provides an overview of the current status of research on NTBFs in Germany, and to outline economic policy initiatives relating to NTBFs in Germany. Section 2 of the paper deals with the incidence of new firm start-ups in Germany's technology-intensive sectors, with separate analyses for the 'East' and 'West' of the country to take account of the real differences which still exist between what were two different countries. This is followed, in Section 3, by an empirical analysis of the regional clustering in the formation of new technologybased firms. Section 4 focuses on the significance of new technology-based firms for the transfer, adoption and diffusion of technology. As will be seen, the nature of technology transfer and the role of NTBFs in the adoption and diffusion of technologies differs according to their stage of corporate development. The fifth section, which contains a discussion of the public support and policy initiatives for new technology-based firms in Germany, concludes the study.
NTBFs in East and West Germany
One of the first studies on new technology-based firms in the USA, the United Kingdom and Germany was conducted by the management consultants Arthur D. Little (Little, 1977) . In each of these countries, the number of NTBFs was found to have risen substantially until the mid-seventies. This trend is corroborated by the results of a study by Berndts and Harmsen (1985) on the city of Berlin, which showed that between 1978 and 1983 more than three times as many innovative firms 1 were established as between 1968 and 1974 (1968 -1974: 21; 1974 -1978: 33; 1978 -1983: 71) .
Compared with other industrialised countries, Germany is a special case in terms of the increase in the number of new firms during the late 1980s due to Germany's reunification in 1989. This is because reunification had specific one-off effects, notably the opening-up of a new, less developed, market, which led to a boom in business activity and this is directly reflected in the large number of new firms, including new technology-based firms in particular, that were established in the period following reunification (Nerlinger, 1996; Felder et al., 1997a Felder et al., , 1997b . But the data on start-ups in the technology-intensive branches of Germany's manufacturing and service sectors show that the boom in new firm formations that was triggered by reunification has been followed by a sharp decline. More recently, however, there are indications that, in general, new firm formations in these sectors are beginning to recover. Nerlinger (1995) shows that the growth rate, in terms of the number of new firms, in High-tech Services 2 and 'high-tech manufacturing industries' (defined as industries with a R&D-intensity of between 3.5 and 8.5 percent) is higher than that elsewhere in the manufacturing sector. However, this does not apply to the 'very-high-tech manufacturing industries' (i.e., those with a R&D-intensity above 8.5 percent), where the number of firm formations has increased only slightly, and the rate of increase has lagged behind the general trend. Consequently the proportion of new firms in the 'very-high-tech industries' relative to all new firms in the manufacturing sector fell from 8.1 percent in 1990 to less than 6.7 percent in 1995, while 'high-tech industries' increased their share from 12.9 percent to 14.2 percent over the same period. The evidence for 1996 indicates that the number of new technology-based firms is continuing to rise (see Nerlinger, 1997) . 1986 1987 1991 1992 1993 1994 "High-Tech Services": Defined as knowledge-intensive service sector (see Nerlinger and Berger, 1995a ) "Very-High-Tech Industries": Manufacturing Industries with a R&D intensity of more than 8.5 percent "High-Tech Industries": Manufacturing Industries with a R&D intensity of between 3.5 and 8.5 percent Source: ZEW Formation Panel (West) Overall, however, new technology-based firms constitute only a small proportion of all firm formations. 3 Sternberg (1988) and the Verband der Vereine Creditreform (1985) -the largest credit rating agency in Germany -judge that only between one and five percent of all new firms in Germany's manufacturing sector are based on advanced technologies; this corresponds to the formation of between 250 and 400 new technology-based firms a year. Similarly, on the basis of Commercial Register entries, Kulicke (1987) estimates the number of technology-based firm formations between 1973 and 1984 to have been about 2,000, whilst Gerybadze (1991) postulates that out of the about 300 technology-based firm formations a year (i.e. firms with annual R&D expenditures of more than 100,000 DM) in Germany, only 120 can be described as R&D-intensive firm formations (i.e., those with annual R&D expenditures in excess of 250,000 DM).
The trends in both the absolute and the relative start-up statistics in the technologyintensive sectors seems to be slightly correlated with the business cycle. This is particularly apparent in Germany during the recessions of the early eighties and early nineties, and in the intervening boom years. In view of the factors applying immediately after German reunification, the two recessionary phases are dealt with separately. The period 1980 -1982 is designated 'Recession Phase I'', the period 1991 -1992 'Recession Phase II', and the period 1983 -1990 the 'Boom Phase' (Sachverstaendigenrat, 1993) . Analysis shows that, in the non-technology-based sectors of the economy, the business cycle exerts only a slight influence on the average firm formation and firm mortality rates. This prompts the hypothesis that in the second recession phase the after-effects of reunification were still being felt. With the exception of the more substantial decline in formation rates during Recession Phase I, this pattern also applies to the high-tech manufacturing sector and to some areas of the service sector. For very-high-tech firms, however, formation rates fell in both recession phases to a level significantly below the corresponding figure in the boom phase. In short, this means that in the very-hightech industries fewer firms and enterprises were formed in recession phases, and that at the same time more firm and enterprise closures occur (Fritsch, 1990; Koschatzky et al., 1992) . The increase in the number of start-ups in the mid-eighties coincided with an aboveaverage increase in the number of new jobs. The same holds for the first two years after reunification until late 1991, when the annual number of new firms started to decline slightly. However, the current trend in formation statistics in the technology-intensive industries shows an ongoing increase in the number of new jobs (Beise et al., 1997) . In all three classes of manufacturing, and in the service sector, a fall in employment in new enterprises which employ fewer than 50 people is noticeable in 1991 and 1992. This decline was 2.8 percent in the 'other' manufacturing sector (i.e., the non-technology-intensive part of manufacturing), a spectacular 18.3 percent in the high-tech industries, 6 percent in the very-high-tech industries, and 1.4 percent in the technology-intensive part of the service sector. Besides the jobs created by new firms, the jobs lost by firm closures also constitutes a major factor affecting employment in the economy as a whole. Job gains from firm formations are offset by job losses from closures. The net employment creation figures for new firms and closures have been positive for the 'very-high-tech' and 'high-tech' industrial sectors, and for the service sector over the period from 1979 to 1992. In contrast, over the period of as a whole, employment created in new firms in the 'other' manufacturing sectors failed to compensate for the corresponding employment lost through closures.
A clear difference can be seen between the technology-based and 'other' industries in terms of the employment created and that lost over the period of analysis. In 1979, the 'other' manufacturing industries increased their net employment by 21,250, but in the following years, until reunification, job losses from firm closures exceeded the number of jobs created by start-up firms. slight recovery triggered by reunification is evident for the technology-based industries. The term "recovery" in this context, however, reflects part of ongoing developments in the very-high-tech and high-tech sectors, where more jobs were created in new enterprises than were lost by firm mortalities throughout the period from 1979 to 1991. Overall, the direct contribution of new technology-based firms to employment in Germany appears to be limited. However, whilst many new firms do not survive beyond their first few years -a fact not shown by firm formation statistics or in statistics on the number of jobs created by new firms -other firms have been able to increase their workforce substantially within a short period of time (Gerlach and Wagner, 1997) . Table 4 provides a few examples of some recently established rapid growth technology-based firms in Germany. However, it should be remembered that when it comes to new technology-based firms, the indirect, more qualitative stimuli for technological change in the national economies are also of major importance.
The Regional Characteristics and Location of NTBFs
The major influences on the location of new technology-based firms have been analysed and described in numerous studies covering the west of Germany and recently the east of the country as well. These studies usually provide detailed information on the economic (e.g. availability of qualified employees) and infrastructural (e.g. universities, transportation links, etc.) factors involved. Picot et al. (1989) identified proximity to the founder's place of residence to be the most important influence on the choice of location, with more than 70 percent of the young, innovative firms in their survey identifying this as a key locational determinant. Links to universities and the surrounding industrial environment were the next most important factors, although these were some way behind (Sternberg, 1988; Sternberg et al., 1996) . Similar attitudes have been revealed by Berndts and Harmsen (1985) , which found that 82 percent of the founders of NTBFs, defined as innovative firms with close relations to research institutions, sought a location less than 50 km away from their 'parent' research institutions. The "Other" heading subsumes various locational factors like favourable rents, location-specific tax incentives, precise knowledge of the regional market, better access to subsidies.
Source: Picot et al. (1989, p. 167) Besides universities, technical colleges and contacts with other companies, relationships with customers have also been found to be a significant consideration when founders of technology-based firms choose where to start-up. Kulicke (1987) shows that it is primarily large companies with more than 1,000 employees that are particularly important customers for NTBFs, whilst public institutions are less important. 4 Another important locational consideration for new technology-based firms is the infrastructural advantages of the region or city concerned. It emerges that, in addition to business-related factors, the availability of residential and leisure amenities, a region's overall image and its cultural facilities play a significant role, although the contribution of these factors is hard to evaluate (Henckel and Hollbach, 1991) .
Regional distribution of NTBFs in the east and west of Germany
The regional distribution, between 1993 and 1995, of innovative young firms, defined as start-up manufacturing firms with a R&D-intensity above 3.5 percent and high-tech Service start-ups, shows substantial differences between the counties ("Kreise") of the west of Germany in terms of their density, industry-specific structure and sectoral distribution. In terms of location there is a broad belt of NTBF start-ups in the west of Germany, extending roughly along the course of the Rhine from the Ruhr down to the southern part of Baden-Wuerttemberg. The areas around Duesseldorf, Essen and Frankfurt, and the southern part of BadenWuerttemberg emerge as particularly frequent locations for establishing high-tech firms (Kulicke, 1987; Sternberg, 1995; Grotz, 1989; Berger and Nerlinger, 1997; Felder et al., 1997b) By contrast there are other areas, predominantly rural in character, which are much less successful in meeting the locational requirements of technology-intensive firms. Particularly in the north of Germany, for example, Laender like SchleswigHolstein and Lower Saxony exhibit a low absolute number of technology-intensive start-ups, although cities like Hamburg, Bremen or Hannover are exceptions. There is also a significantly below-average number of new technology-based firms in most of the eastern counties of Lower Saxony, Hesse and Bavaria. Overall, the absolute number of start-ups in technology-intensive sectors is particularly high in large cities and agglomerations; this might be explained by their above-average supply of qualified staff, their relatively strong R&D infrastructure 5 and advanced transportation links (Harhoff, 1995; Nerlinger, 1997) . Scaling the absolute start-up figures against employment, the labour force or the population, reveals that technology-based start-up rates are highest in the more peripheral regions of core cities. 6 So, whilst in absolute terms most technologybased start-ups firms are found in core cities or in densely populated counties, in relative terms, start up rates are higher in the areas surrounding these regions. 7 This applies especially to the Laender of east Germany, where there is a high concentration of technology-intensive start-ups in and around the large cities of, for example, Dresden, Leipzig and Berlin. These centres are particularly attractive for their proximity to facilities, such as technical colleges ('Fachhochschulen') and universities, as well as their favourable transportation links, satisfactory supply of intermediate products, large pools of highly qualified staff, and, of course, their large pools of potential founders (Felder et al., 1997b) .
In addition, during the transformation process of the early nineties, a large share of the scientific personnel in universities and public R&D organization in the east of Germany were made redundant. Simultaneously, the number of R&D-personnel in industry in the former East Germany declined from about 86,000 in 1989 to 22,000 in 1993 (Spielkamp et al., 1997) . Consequently, there has been a large supply of unemployed scientists and qualified workers, particularly in the vicinity of their former employers that were concentrated in the cities. These individuals are potential NTBF founders. From this perspective, the east German Laender of Thuringia and Saxony exhibit a high level of start-ups during the transformation process (see Table 6 ). In the east of Germany, concentrations of start-ups in technology-intensive industries are found in a belt extending along the north edge of the Mittelgebirge mountains and in the Thuringian Basin. This high-tech belt can be explained by its historic 'technology-based economic structure', as well as its traditional transportation links and business contacts with Eastern Europe and Bavaria. For example, until 1989 Saxony-Anhalt, Thuringia and Saxony were important locations for German firms like Carl Zeiss.
Beside the institutional and infrastructural conditions, there are other important factors which influence the choice of location of NTBF founders. One major factor is the size of the relevant market and the links to customers. This was pointed out by Kulicke (1987) , who examined the importance of large and medium-sized firms, as well as public institutions, as customers for NTBFs. Large firms with more than 1000 employees were found to be very important customers for NTBFs; by contrast, public institutions are of minor importance as customers. Kulicke (1987) interprets the lack of importance of public institutions as customers of NTBFs as a failure of the public spending policy. Source: Kulicke (1987, p. 182) In the former East Germany there is a strong correlation between the proximity to customers in industry -especially large firms and public institutions and the regional concentration of start-ups in technology-intensive industries (Felder et al., 1997a) . The large firms are mainly subsidiaries of West German or foreign firms which chose their location on the basis of factors such as the existing industrial structure, the regional endowment of qualified workers, the infrastructure and the availability of investment grants from government. In addition, there are still a lot of regions with unfavourable transportation linkages to important markets and potential markets in the east of Germany. In relation to this, it is important to recognise that NTBFs -especially older, established NTBFs, as opposed to newly founded NTBFs -are more likely to engage in exporting and international activities than other SMEs (Fritsch, 1990) . This means that, for these firms, not only is access to local markets important, but so is access to international markets.
Empirical results on the location of NTBFs
Empirical results on the influence of regional characteristics on the number of new firms in very-high-tech industries (R&D-Intensity above 8.5 %), high-tech industries (R&D-Intensity between 3.5 % and 8.5 %) and technology-intensive service sectors show that the presence of research facilities within counties has generally encouraged the formation of NTBFs with differences occuring according to the type of R&D institution involved (company R&D laboratories, universities and technical colleges, and non-university research institutions) and their particular specialization (Berger and Nerlinger, 1997; Felder et al., 1997b; Harhoff, 1995) . Advantages appear to accrue especially from specialized departments in the fields of mechanical engineering, process engineering, electrical engineering and marine engineering. This also applies to R&D activities in non-university research institutions, where the number of scientists has tended to boost start-up incidence in west German counties. In addition, the empirical results by Berger and Nerlinger (1997) and Nerlinger (1996) show that industrial research activities appear to have no significant influence on the number of start-ups in technology-intensive sectors. 8 This is a surprising result, because private companies with R&D operations have been claimed by other studies (e.g. Kulicke et al., 1993; Sternberg, 1988) to be important as incubator organizations. The very slight effect of private R&D operations on the number of NTBFs in the counties of west Germany is also contrary to the results reported by Felder et al. (1997a) for the east German Laender. However, it should be remembered that in the former East Germany the publicsector research infrastructure has undergone dramatic change in the last few years and numerous subsidy programmes are creating incentives for co-operative activities between innovative small and medium-sized firms and large companies (BMBF, 1996) .
Overall, the hypothesis that the research infrastructure has a positive effect on the number of start-ups in the very-high-tech sector can be confirmed for public institutions (e.g. Universities, Institutes of the Fraunhofer-Society or Max-PlanckSociety). These research facilities can act as a springboard for scientific personnel to set up their own firm, but they can also be used as a potential source of cooperative partners and as a source of technological information and know-how. However, empirically it is difficult to distinguish between supply and demand-side factors. For example, universities and technical colleges have a role on both the supply side -through the provision of skilled workers and technological know-how, and a role on the demand side -as customers for the products and services provided by NTBFs. The various studies have also revealed, that besides the region's research infrastructure, its technological resources and industrial structure, other regional characteristics not specifically related to company start-ups in technologybased activities -such as the transport system, the regional level of taxes, and the average wage rates (Nerlinger, 1997; Berger and Nerlinger, 1997; Felder et al., 1997a ) -may be important determinants of the regional rate of new firm formation in technology-intensive industries.
Innovation and technology transfer by NTBFs
In the context of new technology-based firms, the transfer of technology and entrepreneurial know-how from the 'parent' or 'incubator' organization (i.e., the founders' previous employer, which may have been an industrial firm, university or technical college, or research institute) and from other information sources is a central consideration (Lamont, 1972; Szyperski and Klandt, 1981) . Moreover, the timing of this transfer of technology is of particular importance. For example, the technological and entrepreneurial knowledge contributed when a firm is formed will sometimes differ significantly from the knowledge that may be crucial in the period after start-up. In this context, Kulicke (1987) points out that, at start-up, there is usually a transfer of people as well as technology, whereas in the longer term, survival depends on the adaptation of and to technological innovations, for which contact with external sources of information and know-how is essential. Furthermore, the incubator organization should not be considered in isolation from the later sources of technology transfer. Studies by Beise et al. (1995) and Spielkamp and Beise (1995) indicates that there is a close relationship between the incubator organization and the channels and networks used after start-up to access to technological knowledge or technology transfer mechanisms. These studies show that the probability of a co-operative contact with a university is higher if the CEO of the technology-based firm has a Ph.D. Interestingly, however, there appears to be no difference between firms where the CEO has a primary academic qualification (i.e. a first degree) or a non-academic qualification. It seems, therefore, that the continuous transfer of research-based knowledge into companies depends on the firm's adaptive capacity, the knowledge of how to obtain knowledge from universities, and the prior experience of the decision-makers concerned.
Technology transfer through the incubator organization
When technology is transferred through an incubator organization, entrepreneurial, as well as technological, knowledge is transferred. In the period immediately after Germany's reunification, spin-off firms were ascribed a special role in the process of the transformation of the former East Germany. Felder et al. (1997b) hypothesised that the technical knowledge and the multi-faceted experience of engineers and academics whose research institute ceased to exist or which were threatened by closure could be gainfully employed by setting up technologyintensive firms. However, the experience has demonstrated that whilst an understanding of the technologies to be developed is a necessary condition for the establishment of a technology-based firm, it is not a sufficient condition for the firm's survival; for survival also requires an understanding of how to operate within free market conditions.
The extent of technical and entrepreneurial knowledge transferred depends largely on the type of incubator organization involved. Kulicke (1987) has shown that roughly two thirds of the total number of founders of innovative firms 9 were previously employed in industrial companies before becoming self-employed. In 1987, around a quarter of the new entrepreneurs came from universities, technical colleges or state research institutes, but interestingly this proportion had grown to around a third by 1993 (Kulicke et al., 1993) . Similar findings are provided by Heinzel (1990) , Sternberg (1989) and Sternberg et al. (1996) . Kulicke (1987, p. 118) A study by Kulicke (1987) and Kulicke et al. (1993) of the functional background of founders of innovative firms found that 79 percent of founders have experience in R&D, 32 percent in sales, and 28 percent in production, but very few firms were established by individuals experienced in accounting and finance. Similar results for NTBFs in east Germany are reported by Pleschak et al. (1994) .
Technology transfer after start-up
The innovative focus of NTBFs encourages them to exchange knowledge and cooperate frequently with external research institutions. This involves not only a transfer of technological knowledge, but also a transfer of technology in the form of qualified personnel. Kulicke (1987) reports that around half of all NTBFs surveyed use external sources of information. The firms involved also stated the purpose and ascribed a significance to their external contacts and sources of information. It emerged that state research institutes and customers' relationships with the firms' development centres play major roles whilst in most cases, technology transfer through the recruitment of qualified personnel involves universities and technical colleges. Sternberg et al. (1996) Similar results are reported by Sternberg (1988) and Sternberg et al. (1996) who surveyed firms at technology and innovation centres in both the west and east of Germany. More than 70 percent of the innovative firms surveyed stated that they were in contact with regional R&D institutions such as universities and technical colleges. Only 26 percent of the firms said they had no contacts with regional R&D institutions. Universities and technical colleges play a major role in this context, whereas non-university research institutions and corporate R&D departments are of only modest significance as sources of information. A breakdown of contacts by type revealed that, apart from the exchange of knowledge and information, innovative firms also attach importance to acquiring personnel and accepting R&D-intensive contracts.
A survey of innovative company founders conducted by Picot et al. (1989) , in which innovative firms are defined as spin-offs from universities and technical colleges, revealed their low utilization of innovation consultants as sources of advise and support with regard to the companies R&D activities. This survey also revealed that most innovative company founders which used these services were not impressed by the consultancy they received. Somewhat higher ratings were accorded to management consultants, whose services were also used more frequently. However, the high fees charged by management consultants were seen as a barrier to the use of these services by many new and small firms. Picot et al. (1989) also found that NTBFs tend to use banks and technology centres with higher than average frequency, and their support received high ratings. Public-sector agencies (such as the Chambers of Industry and Commerce) were also highly rated and frequently used, whereas research institutes were accessed much less frequently. With respect to these differences, numerous initiatives at both the Laender and federal government levels now exist which aim to improve the effectiveness of public-sector research institutions as providers of assistance for innovative small and medium-sized firms. 10
Support and Promotion of Research & Development and NTBFs
Numerous studies have indicated that many factors, like Germany's tax system, disadvantageous legal, political and institutional framework conditions and its insolvency laws, hamper the creation and development of innovative young firms (Little, 1977, Fraunhofer Institute fuer Systemtechnik und Innovationsforschung and Segal Quince Wicksteed, 1988; Kasch, 1985; Gerybadze, 1991) . There is also criticism of the banking system 11 , which shows a clear reluctance to devise financial packages for NTBFs. This is also the case for the venture capital market, although this has improved over recent years, primarily because of government initiatives
R&D Expenditures in Germany: An Overview
Providing a detailed overview of the initiatives that exist in Germany to subsidise innovative young firms is not an easy task. Firstly, many of the programmes are not aimed specifically at these firms and, secondly, the responsibility for the programmes is distributed amongst several federal ministries, Laender ministries and autonomous (research) organizations. This is also reflected in the distribution amongst sectors of government R&D expenditure. It is clear that most R&D is performed by private industry, followed, a long way behind, by the Laender and the federal governments. Comparing the research budgets between 1991 and 1995 reveals the share of Laender and the federal government funding has increased to maintain and expand efficient R&D capacities, especially in the former East Germany (BMBF, 1996) . In 1991, the new Laender of east Germany and East Berlin, accounted for 9.6 percent of the federal government's total R&D expenditure, but by 1994 this proportion had nearly doubled to 17.7 percent (BMBF, 1996) . 12 Kasch (1985) describes the typical procedure adopted by a bank (Deutsche Bank AG) in connection with the financing of innovative firms. 12 In comparison, the figures for the three German Laender with the highest shares in the federal government's R&D expenditure are: Baden-Wuerttemberg (15.0 percent), Bavaria (21.9 percent) and North Rhine-Westphalia (15.6 percent). Private R&D expenditure in these three Laender are also far above the amount of private R&D spending in the east of Germany as a whole. 
% of total R&D
Expenditure 61.4 61.1 61.0 60.8 60.
Promotion of R&D in Trade and Industry by Government
Most of the federal government's funding for trade and industry is channelled through direct and indirect subsidies and promotional initiatives. Direct project support is concentrated on specific technologies, such as microsystems engineering, biotechnology or information technology, but there is a requirement for a detailed examination of every project proposal. It is notable that in Germany direct public support is more focused on specific areas of technology rather than on specific types of firms, such as SMEs or NTBFs. The underlying idea being the promotion of spill-over effects from the firms that use these technologies to those (particularly small and medium sized firms) which do not.
Indirect measures 13 provide non-technology-specific impetuses for intensifying firms' research and development efforts, but they are largely aimed at promoting R&D in small and medium-sized firms. As with the direct schemes, the indirect promotion measures are essentially legitimised by spill-over effects. In addition, it is argued that indirect promotion measures overcome problems of indivisibility in respect of R&D and innovation. For example, a small NTBF may need a highly qualified technician for a certain time period, but it may not be able to afford to employ the technician on a full-time basis. Programmes such as the 'R&D-personnel Costs Subsidy' (and since 1992, the 'R&D-personnel Subsidy East' -for 'East' Germany) from the Federal Ministry for Economic (BMWi) and the 'Research-personnel Increase Promotion' from the Federal Ministry for Education, Science, Research and Technology (BMBF) are intended to overcome these disadvantages, especially in SMEs. It is also argued that indirect promotion schemes are necessary because of existing financing constraints on (innovative) SMEs. One reason for theses constraints is the small size of the venture capital market in relation to GDP in Germany and in comparison with other European countries (Jager, 1996) .
The federal government's R&D expenditure figures for indirect promotional programmes in 1991 reveal a high expenditure on special R&D depreciation allowances and R&D investment subsidies. This exceptional support was for the ongoing transformational process in the east of Germany after reunification in 1989. The inclusion of this support meant that total R&D expenditure in 1991 reached a record level of 720.6 million DM. Since 1992 Federal expenditure on indirect R&D initiatives continued to rise, from 455.4 million (in 1992) to 671.6 million DM in 1995. This increase reflects measures designed to stimulate and intensify technology transfer and co-operation activities between industry and research institutions, especially in the east of Germany. BMBF (1996, p. 97) Federal funding in support of new technology-based firms has also increased, complemented by additional programmes from the EC and almost all the German Laender. 14 There is, however, a huge variety and heterogeneity in these schemes, particularly with regard to the criteria for the promoted technologies (e.g. microelectronics, biotechnology), industry sectors or firm characteristics (e.g. number of employees, owner structure). The primary aim of these NTBFs promotion programmes in the Bundeslaender is to increase of the number of employees; the diffusion and adoption of new technologies is the secondary consideration. 15 A second important field of activity for public initiative is related to the financial constraints faced by NTBFs. During 1995 and 1996, the Federal Ministry of Economics (BMBF) started several new programmes for promoting capital investment in innovative young firms, including a 'Venture Capital for small technology-based firms' scheme, which is not only designed to support the R&D phase but also the market launch phase of new product development in small technology-based firms. 16 This new federal venture-capital programme considers the experiences of the earlier programmes which showed considerable success with regard to the survival and growth of the NTBFs involved. These public measures in support of NTBFs are particularly important because in Germany the private seed 14 However, recent discussions and evaluations have shown a severe lack of transparency and consistency within and between the various programmes. 15 Due to the regional industry structure and specialisation in strategic technologies, these programmes often focus on technologies like information technology, biotechnology, microelectronics or materials research 16 Similar considerations are behind the programme 'Promotion and support of new technology-based firms', focusing on NTBFs in the east German Laender, through which intensive consultancy services are additionally provided in order to formulate a viable firm.
and venture capital markets are still in their infancy -especially in comparison with other countries. German NTBFs are therefore relatively unaware of the potential of this means of financing. Early stage financing is related to the provosion of risk capital in behalf of product development (SeedStage) and the establishment of enterprises (Start-up-Stage) In relation to GDP the German VC-market appears to be very small: Germany: 2 %, France: 4 %; United Kingdom: 11 % Source: Jager (1996, p. 18) It may be surprising that survey results find that venture capital (VC) is perceived by firms to be of only minor importance, but Picot et al. (1989) attribute this to the lack of awareness of VC amongst most NTBF founders. This, in turn, may be because VC-firms often concentrate on a select group of particularly promising new ventures (Laub, 1988) . Others studies have also pointed out that a large share of the firm-founders and owners do not want to relinquish control and are therefore reluctant to sell some of their share capital to VC firms (Fetzer, 1990) . The impact of the numerous public venture capital promotion schemes in Germany in recent years has been to improve the supply of venture capital for new technology-based firms (BMBF, 1996) . The amount of venture capital, for example, rose eightfold between 1983 and 1995. However, the share of venture capital in relation to the Geman GDP is still significantly smaller than that of many other European countries (Jager, 1996) . For example, in 1994, the figure was 2 percent in Germany, compared to 4 percent in France and 11 percent in UK. These differences show that much more action (including altering the fiscal framework) is necessary if the venture capital market is to be improved and NTBFs are to gain access to this sort of capital.
Summary and Topics for further Research
This paper has sought to provide an overview of some of the recent research on New Technology Based Firms in Germany. Clearly, space limitations have limited the detail of the discussion, and our choice of topics and the weight we have put on them has been influenced by our own experience. Nevertheless, the survey has covered issues from firm formation dynamics, the regional distribution and location characteristics of NTBFs, the participation of these firms in technology transfers, and their participation in public support programmes. It has been shown that after the decline in the number of technology-based start-ups that was apparent between 1990 and 1992, there has been a small increase in the annual number of new firm formations in the high-tech industries and in technology-intensive services, but it is also apparent that, compared with the number of formations in the late 1980s, the number of firm formations in the very-high-tech manufacturing sectors has remained at a lower level since 1992. With regard to the results of analyses on the regional clustering of NTBFs and their locational considerations, one of the major findings was that the regional R&D endowment of universities, technical colleges and non-university R&D-labs has a large impact on the number of new firms in the region, but that this impact also varies with the institute's field of specialisation. In contrast, the R&D activities of private firms do not appear to have an influence on the number of NTBFs in a region. The importance of the regional endowment of R&D facilities is also important with regard to technology transfer. The perceived importance of NTBFs for technology transfer and for the creation of employment is indicated by the number and the volume of public promotion schemes which are offered by federal ministries as well as by the ministries and institutions of the Bundeslaender. However, due to the huge volume and sometimes confusing complexity of the supporting schemes, a lot of small and medium-sized firms have neither the time nor money to gather and process all the available information about these programmes. Consequently, they may not apply for the support that is available at the level of the Laender, the federal level, or at the EC level. As a response to this, a reduction and simplification of the support schemes is planned in Germany. Apart from benefiting the firms, this may also benefit providers of support, including banks, by the imposition of clear standards of support.
We end this paper with some suggestions for further research on NTBFs, but these suggestions are restricted not only to the German case. We suggest that further research should address the medium and long-run development of NTBFs as well as their contributions to the development of new industries and new technologies. This is especially important in light of the increasing government incentives for NTBFs. Firstly, start-up rates have traditionally been thought to be much higher in the US than in some European countries, including Germany. It is also supposed that mortality rate is higher in the US. On the one hand, higher entry and exit rates can be viewed as reflecting Schumpeterian dynamics where many ideas are tried, but only the best survive. On the other, high exit rates imply a waste of resources if the surviving firms do not compensate for the destruction of value lost through the closure of firms. For these reasons, careful studies of survival and growth rates of start-up cohorts are needed, and we suggest these be made a priority for future research. Second, given the large differences in the means of financing start-ups in the Anglo-American societies and in other countries, such as Germany, international comparisons of the share of successful firms (i.e., the share of surviving and the proportion of fast growing companies) should shed light on the importance of these means of financing in economic performance. This will enhance our knowledge of the relationship between the financial and the productive parts of the economy which is of much wider interest than just NTBFs research. In relation to this, comparing the survival rate of NTBFs with other firms is important. If it turns out that NTBFs have higher survival rates we have further evidence for the favourable role of technological innovation in the development of market economies. Thirdly, internationalisation seems to be especially strong in the markets for high-technology products and services. We should therefore expect NTBFs to be severely affected by increasing international competition in their markets and to be at the forefront of the internationalisation process within the small and medium sized enterprise (SME) sector in terms of export development. Indeed, there as some studies which indicate that export activities and export shares are larger in NTBFs than other SMEs, but we suggest that more systematic evidence on the internationalisation of NTBFs and SMEs should be high on the research agenda and theoretical research on this topic should also be encouraged.
